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Abstract

This paper reports on findings from an examination of a nursing information system through
the lens of Activity Theory. The information system was designed to support real-time nursing
documentation in acute care hospital contexts. The objective was to enable superior nursing
care to ensue by providing nurses with the opportunity to document patient care data into a
tablet computer located at the patient bedside. The system was evaluated in a not-for-profit
acute care hospital’s wards during its implementation. Nurses’ interactions with the system
and their perceptions were collected and analysed through the lens of Activity Theory. The
analysis highlighted nurses’ positive attitude towards the system and identified potential
mediation capabilities as well as areas for improvements. Activity Theory was found to be
useful to examine the positive and potentially problematic aspects of this new nursing
information system.

Keywords: Activity theory; nursing informatics; health information systems; electronic
documentation.

1 Introduction

Increasingly health information systems (HIS) are introduced into healthcare as a mediating
tool to support patient care delivery and to improve care quality, safety and efficiency. The
introduction of HIS comes with many challenges. These are due to the dynamic and complex
nature of healthcare operations; such as multi-disciplinary characteristics of critical tasks, the
high stakes of life and death, the tensions between orderly routines and the need for flexibility,
the need to combine rationale and intuitive judgement in key decision making, and various
organisational and regulatory setting specifications (Fichman et al., 2011; Shaban, 2005;
Thompson & Dowding, 2002: chapter 1). In such a complex context, a good understanding of
the mediating role of technology, i.e. whether and how it can support the clinician user in care
delivery, is important to facilitate successful HIS design, implementation and adoption as well
as support superior care delivery.

Over the years, on-going research reports mixed and inconclusive results in regard to impacts
of HIS implementation and its assimilation to clinicians’ practice and workflow (Lau et al.,
2010; Mills et al., 2013; Nguyen et al., 2014). Industry surveys conducted by the American
College of Physicians and American EHR Partners (2013) reveal an overall dissatisfaction of
the clinician users. Moreover, these reports highlight a need for a rich understanding of the
role of HIS with the clinicians’ in the context of their activities and practice. The research
reported in this paper contributes to addressing this need by examining the potential
mediating role of a new HIS in an acute healthcare setting for front line clinical staff,
particularly nurses. In order to do so, Activity Theory (Engestrém, 1999; Vygotsky, 1978) was
selected as a suitably rich theoretical lens to understand the interactions between individuals,
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their goals, and the mediating tool to achieve a specific outcome; namely better patient care.
Specifically in this study, Activity Theory serves as a lens to examine the interactions between
the Nurse, the Nursing documentation, and a new Electronic Bedside Documentation System
(EBDS) to improve patient care delivery.

The paper is structured as follows. Section 2 provides a background discussion about nurses
and information systems. Section 3 provides an overview of the key concepts in Activity Theory
and its use in the information systems discipline. Section 4 describes the adopted research
approach. Section 5 presents the results of the study. Section 6 concludes the paper with a
summary of the key findings, theoretical and practical implications, limitations and future
research directions.

2 Nurses and information systems

In healthcare delivery, nurses provide front-line and continuous care for patients. They play a
key role in patient safety including early detection of deterioration and prevention of
complications such as pressure injuries, falls and infections (see for example, Cornell et al.,
2010; Courtney et al., 2005; Hegney et al., 2007). Previous research has provided robust
evidence of the relationship between the quality of nursing care and patient outcomes
(Australian Nursing Federation, 2009; Rafferty et al., 2007). The nursing process includes
assessment, diagnosis, planning, implementation, and evaluation (Timby, 2009: chapter 2).
This process involves various observations, decision-making, and interventions and associated
patient health outcomes. Nursing documentation is essential in keeping accurate records of
delivered care and patient health status, as well as supporting clinical communication about
nurses’ observations, decisions, actions and outcomes. Not only is nursing documentation a
legal requirement, it promotes the early identification of patient health issues and
opportunities for care quality and safety improvements. Nursing documentation is a routine,
integral part of safe and effective patient care delivery (Blair & Smith, 2012).

With the advancements of portable computers and electronic health records, electronic
bedside documentation systems are increasingly introduced to nurses as a support tool for
nursing documentation. The objective is to enable nurses to document and access patient care
data at the patient bedside when care is delivered. Common anticipated benefits include
increased care quality, patient safety and process efficiency as a result of better access to real-
time and accurate patient data. The reality has yet to reach this state and over one decade
(2003-2014) of literature reviews report mixed findings including attitude of nurses toward
adopting technology solutions and impacts of technology adoption in healthcare (Hayrinen et
al., 2008; Lau et al., 2010; Meijden et al., 2003; Mills et al., 2013; Nguyen et al., 2014). Mixed
findings are still found in recent research (Lin et al., 2016; Tilahun & Fritz, 2015).

Nurses’ low satisfaction with system’ usability and fidelity of technology solutions in their
practice emerge frequently as two strong themes in previous research. Usability has been
defined in ISO 9241 as “the extent to which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency and satisfaction in a specified context of use”
(International Organization for Standardization, 1998). In this paper, fidelity refers to the
system’s appropriateness or fitness with the context of use. Table 1 summarises findings from
previous research in relation to these themes. We note that while other issues such as security,
networks, and other characterises of selected technologies are also important they are not
considered in this study since in general for acute healthcare contexts if usability and fidelity
are problematic, these other issues are not considered or treated as mute until usability and
fidelity are addressed.



Australasian Journal of Information Systems Nguyen & Wickramasinghe
2017, Vol 21, Research on Health Information Systems Mediating Role for Nursing IS

Themes | Summary of findings

Usability | Ease of use / | Complex user-interface and navigation mechanism, slow response, poor
Efficiency content design (Darbyshire, 2004; Kossman, 2006; Lee et al., 2008;
Stevenson et al., 2010; Vatngy et al., 2014; Weinhara et al., 20009;
Whittaker et al., 2009).

Moderate ease of use (Weinhara et al., 2009; Whittaker et al., 2009).
Observed increased time spent on direct patient care and nursing
documentation, and decreased time spent on administrative tasks
(Banner & Olney, 2009) in contrast to no significant change in time
spent on patient care (Westbrook et al., 2013).

Usefulness / Perceived usefulness: access to important patient care information and
Effectiveness reduced written documentation (Hoonakker et al., 2013; Kossman,
2006; Vatngy et al., 2014; Whittaker et al., 2009), improved information
quality (Aktharsha & Anisa, 2011; Darbyshire, 2004; Tilahun & Fritz,
2015), enabled monitoring of patients’ health parameters (Miller et al.,
2009).

Some functions were used less relevant, less frequently or never used
(Darbyshire, 2004; Nakamura et al., 2010; Tilahun & Fritz, 2015).
Satisfaction Majority of nurses have a moderately positive attitude toward using HIS
(de Veer & Francke, 2010; Mills et al., 2013; Moody et al., 2004).
Mixed findings: Moderate / high satisfaction (Hoonakker et al., 2013;
Moody et al., 2004). Low satisfactory / dissatisfaction (Darbyshire,
2004; Lerum et al., 2004; Mills et al., 2013; Stevenson et al., 2010;
Tilahun & Fritz, 2015).

Dynamics of nurses’ experience: During the period of implementation,
nurses’ attitude and satisfaction increased overtime as they experienced
more with the system (Ammenwerth et al., 2011; Carayon et al., 2011;
Lee et al., 2008).

Fidelity | HIS functionality did not meet the nurses’ needs nor support their workflows and practice
(Novak et al., 2013; Stevenson et al., 2010); workflow interruptions, additional work (Eley
et al., 2009; Lee et al., 2008), unintended consequences (Dowding et al., 2009; Koppel et
al., 2005).

A particular HIS may fit one context but not others (Ackerman et al., 2012; Gough et al.,
2014; Jeskey et al., 2011)

Table 1. Summary of previous research in relation to usability and fidelity

Firstly, in regard to usability, Stevenson et al. (2010) reviewed five empirical studies published
from 2000 to 2009 and reported on nurses’ experiences with HIS systems. These studies took
place in acute care hospital contexts in USA, Australia, and the UK. According to their review,
HIS functionality was not useful nor did it meet the nurses’ needs nor support their workflow;
the user-interfaces were found to be difficult to use and navigate. Overriding of the system,
duplication of documentation, and a reversion to familiar systems such as paper recording
were reported as major work-around strategies when technology solutions did not meet
clinicians’ needs (Dowding et al., 2009; Koppel et al., 2005). More recently, Mills et al. (2013)
reviewed 21 studies published between 1995 and 2010 which took place in acute care contexts
in Australia and New Zealand. As reported in their review, while nurses held positive attitudes
toward HIS adoption they experienced dissatisfaction with technology implementations at the
workplace. Particularly, nurses reported problems with the system’s lack of intuitive user-
interface and navigation design, complex content presentation, and slow response
(Darbyshire, 2004; Kossman, 2006; Lee et al., 2008; Vatngy et al., 2014; Weinhara et al.,
2009; Whittaker et al., 2009). Contradictory findings were found in two time and motion
studies: Banner and Olney (2009) found that nurses spent more time on documentation and
direct patient care and less time on administration. In contrast, Westbrook et al. (2013) found
no redistribution of time away from direct patient care or other tasks before and after the HIS
implementation. Usefulness of HIS was perceived by nurses to include the system’s capability
to document and access patient care data, improved legibility and reduced data errors (e.g.
Aktharsha & Anisa, 2011; Hoonakker et al., 2013; Vatngay et al., 2014), and enabled monitoring
of patients’ parameters (Miller et al., 2009). Mixed findings were reported in regard to nurses’
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satisfaction with HIS. A majority of studies reported low satisfaction or dissatisfaction with
HIS (Darbyshire, 2004; Laerum et al., 2004; Mills et al., 2013; Stevenson et al., 2010; Tilahun
& Fritz, 2015). Surveys with nurses 3 months and 12 months after HIS implementation at an
US regional medical centre found nurses’ satisfaction toward the system increased over time
(Carayon et al., 2011).

Secondly, HIS functionality was criticised by nurses for its poor fit with their workflow and
practice needs (Darbyshire, 2004; Novak et al., 2013). Novak et al. (2013) observed a collision
between nursing and technology frames of references as well as observing nurses’ adaptations
to fit HIS with their work. HIS was found to cause workflow interruptions and increased
workload (Eley et al., 2009; Lee et al., 2008), and unintended consequences (Dowding et al.,
2009; Koppel et al., 2005). In addition, a particular HIS may fit one context but not others;
the same HIS was successfully adopted in urgent care but was abandoned when it was
introduced to routine patient care due to its poor fit (Ackerman et al., 2012). In another study
(Jeskey et al., 2011), HIS designed for critical care was found to be unsuitable for acute care
settings. Gough et al. (2014) interviewed 125 nurses at five acute care hospitals across two
Australian states. They found that HIS supported nurses and enhanced their sense of
autonomy at high dependency wards while it increased their workloads and reduced their
interactions with patients in low dependency wards. In summary, usability and fidelity are
frequently identified and remain on-going strong themes in the literature. As these concern
technology’s capability and fitness with the context of use, we focus on examining them as
mediating roles of technology in nursing documentation activity to see if this could address
current key voids noted throughout the literature regarding usability and fidelity.

Having conducted a literature review in electronic health record (EHR) systems as real-time
point of care information systems in the context of orders management, Staggers et al. (2008)
concluded that further research is needed to examine technology impact on the role of nurses
and their activities, and suggested Activity Theory as one of the potentially useful approaches.
This is in line with Yen and Bakken (2012) who noted that there are more quantitative than
qualitative studies in evaluating HIS usability during systems’ implementation and routine use
stages. Furthermore, as there is a recognised need for more qualitative types of research when
studying HIS in acute healthcare contexts as such studies tend to uncover more issues around
using HIS including fidelity and usability (Nguyen et al., 2014; Yen & Bakken, 2012).

Overall, mixed and inconclusive findings from the previous studies provide a strong case for
needed further research using a rich analysis lens to gain in-depth understanding of the role of
HIS and in particular electronic nursing documentation systems in the immediate context of
use. Hence to provide a rich lens of analysis to shed light on HIS in the context of nursing
documentation , this study focuses on the mediating role of technology as a tool in the specific
context of human activity; i.e., a nursing information system in an acute healthcare context
and analyses this using a rich theoretical lens; i.e., Activity Theory.

3 Activity Theory in information systems

Given low satisfaction with IS theories around user acceptance and adoption specifically in
acute healthcare nursing contexts (see for example Cresswell et al., 2010; Holden & Karsh,
2010), we investigate the benefits of framing the situation in terms of Activity Theory.

3.1 An overview of key concepts in Activity Theory

Activity Theory, or cultural-historical theory of activity, (Vygotsky, 1978, English translation)
was first developed in the 1920s and 1930s by Lev Vygosky, a Russian psychologist, together
with his colleagues. The fundamental building block of the theory is a human activity involving
a subject i.e. a human agent, and an object i.e. an objective or goal of activity. This subject-
object relationship is mediated by tools and signs (language/words) that essentially are linked
to a culture.

Activity Theory was extended by Leontiev (2009, English translation) to describe a three layer
model of human activity consisting of activity, actions and operations. Along with these, there
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is another hierarchy of motivation consisting of motive, goals, and conditions. An activity is
associated with motive at the top level and can be characterized as high-level, significant and
holistic. Activity can be achieved through a set of actions where each consists of operations. An
action can be associated with an intention (to achieve a specific goal) and operations. An
operation is a performed routine to complete the action under certain conditions.

Activity Theory was further extended by Engestrom (1987, 1999) to include the collective
characteristics of the human activity system. The extended model includes additional collective
elements of rules, community and division of labour. Rules and division of labour can be
explicit or implicit. Rules refer to conventions, regulations and social relations within a
community while division of labour refers to the organisation of a community to enable the
transformation. Therefore, rules mediate the relationship between subject and community
while division of labour mediates the relationship between object and community. The
mediating roles of tools, rules and division of labour are historically formed and evolve over
time. Further, Engestrom’s structure of activity also emphasises the transformation of an
object to an outcome (Engestrom, 1987).

As shown in Figure 1, the structure of an individual human activity includes a subject e.g. an
individual worker or member of the workplace community, tools e.g. conceptual models or
devices, the rules that govern their work, and the purpose to which the subject directs their
activity. This structure of individual human activity can be further extended to denote the
interaction between multiple human activities where the activities share common goals and
rules of division of labour.

Tools

Object

Subject ' Outcome

Rules Community Division of labour
Figure 1. Structure of human activity in Activity Theory (Engestrom, 1987, 1999)

Engestrom (1987) described human activity as a goal oriented, tool and cultural-historically
mediated. Furthermore, he added the dynamic, cultural-historical dimension to the human
activity through the concepts of externalisation and internalisation. Externalisation can be
described as the process of change driven by tensions and conflicts motivting changes and
improvements; as a result new tools are created and introduced. Internalisaiton can be
described as the process of reproduction of culture through the training of members within the
community to adopt changes and fit in the new culture. These two processes are refered to as
the dynamic cycle of learning and enable for both the historical continuilty and adaptation of
the culture of the human activity system.

3.2 3.2 Use of Activity Theory in information systems

Some of the first instances when Activity Theory was recommended to be used for Information
Systems (IS) research include by Nardi (1996: chapter 1) and Kuutti (1996: chapter 2). Both of
these authors emphasise the notion of technology mediation in Activity Theory. Technology
can be seen as tools or “mediators of human thought and behaviour” (Nardi, 1996: p. 7). Thus,
to design an effective mediating technology solution, we should understand users’ thoughts
and behaviours in the context of use. Since then, Activity Theory has been embraced by IS
researchers from different perspectives. Table 2 summarises the key perspectives.
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Perspective | Subject Object Tools Community | Advocates
1. IS The To build an Analysis and Developers, (Kuutti,
development | developer of | information design user 1996: pp.
as a human an system methods, representatives | 14-15).
activity information computers, and their
system networks, workplace
programming | environment(s)
languages and
tools.
2.ISasatool | Theuserof | User’sgoals An Users’ (Hashim &
in various an (for example information workplace Jones,
human information | healthcare, system(s) environment 2007).
activities system business, (and other and/or their
education, tools) communities
entertainment
and social
networking
ete.)
3. IS research | The IS To answer an Research Research (Crawford
study as a researcher | IS research methodologies | environment, & Hasan,
human question(s) and tools participants, 2006)
activity and extend the their
current human organisation(s)
knowledge and the wider
community

Table 2. Perspectives of using Activity Theory in IS research

With a view to examining the usability and fidelity of HIS, we are interested in the second
perspective in Table 2, i.e. IS as a tool in a human activity in the healthcare context. Activity
Theory has been found to be useful to explore and elicit healthcare practitioners’ requirements
for an information system as a tool (Hakkinen & Korpela, 2007; Sadeghi et al., 2014) and to
unpack healthcare activities when assessing e-health readiness in community hospitals in
South Africa (Coleman & Coleman, 2013). Activity Theory has also been used in investigating
IS adoption in healthcare contexts. For example, factors affecting doctors’ intention to adopt
IS were found to include subject (human), tool (technology), and environment (organization)
(JuLing et al., 2016). In the above-mentioned studies, doctors, nurses, social workers and
hospital administrators were the subject; HIS was their to-be or adopted tool; and their task
and work process was the objective according to Activity Theory.

Other studies (Vega-Barbas et al., 2015; Waycott et al., 2014) consider patients as the subject
interacting with technology tools for their own healthcare. Waycott et al. (2014) conducted a
multiple case study with 15 pregnant women with type 1 diabetes and concluded that motivated
patients play an active role in aligning such interacting activity systems and adjusting their use
of technology tools for their own health management.

Activity Theory has also been adopted to review research efforts in IS adoption within the
healthcare domain (Sun & Qu, 2015). These authors selected 9779 papers about HIS adoption
published between 1990 and 2009 from online databases including Pubmed, Medline and
Embase. Using a text-mining tool and the Activity Theory lens, the authors identified different
types of subjects, tools and their tasks from the abstracts of the selected papers. Their work
revealed that (1) IS adoption can be examined at an individual as well as a social level, and that
(2) current research tends to examine IS adoption at individual levels rather than adoption at
a social level.

Our study builds on previous research in which Activity Theory was found to be a useful
theoretical lens to examine IS as a tool in human activities in their immediate context of use.
Particularly, we used the Activity Theory lens to examine the mediating i.e. supporting, role of
a new point of care electronic documentation system in its natural, target patient care setting.
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Thus, this is one of the first studies to use Activity Theory in an acute healthcare nursing
context in this fashion.

4 Research approach

The study reported in this paper was one component of a large multi-disciplinary longitudinal
funded research program (Nguyen et al., 2015). A design science research methodology has
been adopted to guide the cycles of problem/opportunity determination (relevance cycle),
solution design and evaluation examine (design cycle), using the knowledge base to inform
design (rigor cycle) (Hevner & Chatterjee, 2010; Hevner et al., 2004) through the large
research project. The problem addressed in the on-going research project is focused on the lack
of a technology solution that is usable for nurses and reflects and responds to the complexity
of nursing work (Stevenson et al., 2010). This paper reports specifically on the findings from
one of the design cycles in which Activity Theory was adopted to examine the mediating role
for a new Electronic Bedside Documentation System (EBDS) in an acute care context. We note
that the EBDS solution was developed by an international vendor and this study is one of the
first to examine the system in situ. The development of the EBDS was informed through our
study including the full cycle of design science research methodology. See Table 3 below for
how Hevner’s et al. (2004) design science research guidelines apply in this project, i.e. in acute
healthcare nursing context.

Design Science
Research
guidelines
Guideline 1: Design
as an Artefact

Our application

The EBDS system - a sophisticated, multi-functional point of care
technology designed to support nurses in the delivery and documentation
of patient care in the acute hospital setting.

To address the lack of a technology solution that is usable for nurses,
reflects and responds to the complexity of acute healthcare nursing work.
Nurses as users were trained to use EBDS; subsequently, they used it in

Guideline 2:
Problem Relevance
Guideline 3: Design

Evaluation parallel with paper documentation; finally, champion nurses used it
exclusively for documentation of all nursing care delivery for selected
patients.

Guideline 4: In this study, nurses’ perspectives of the mediating role of HIS were

Research explored.

Contributions

Guideline 5: Theoretical foundations and conceptual models drawn from information

Research Rigor systems, nursing documentation and nursing process, healthcare quality

and safety were used to inform the development cycles to evaluate the
EBDS system in the acute healthcare nursing context.

Guideline 6: Design
as a Search Process

In this project, Activity Theory concepts (subject, object, tools,
community, rules, division of labours) were used to guide data analysis
and define areas and levels of mediation. The findings will inform future
implementations.

Guideline 7:
Communication of
Research

Internal communication: The larger research project (of which this study
is part of) is presented to technology and clinically-oriented users through
focus groups, simulations exercises, brainstorming meetings, as well as
technical and managerial meetings.

External communication: Progress and findings are reported in a book
chapter and peer review papers submitted to international conferences
and professional peer-reviewed journals in each discipline.

Table 3. Application of design science research guidelines to the development of EBDS
(Guidelines adopted from Hevner et al., 2004)
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4.1 Research setting

The EBDS system is a sophisticated, multi-functional point of care technology solution
designed to support nurses in the delivery and documentation of patient care in the acute
hospital setting. It was designed to allow nurses to document patient care and access the care
data in real time, thereby providing potential enhancement to nurses’ work experience. The
system was run on a server and a thin client and the frontend was on an iPad mounted at each
patient bedside.

EBDS was put into an implementation for eight weeks from August to October in 2013. The
implementation was conducted in two acute care wards across two sites of a single large
metropolitan health service in Victoria, Australia. Human research ethics approvals were
obtained from the host healthcare service provider and affiliated university prior to the
commencement of the study.

The participating wards included a 25-bed general surgical ward and a 32-bed general medical
and neurology ward involved over 80 nurses. Nurses were the primary end users of the system.
Nurse managers were asked to provide lists of all registered and enrolled nursing staff working
regularly on their wards more than one shift per week. Agency nurses and nursing staff working
in the participating wards less than one shift per week were excluded from the study as these
staff did not have the opportunity for training to become familiar with the system prior to use
in their routine work. All staff were individually sent written information about the study and
invited to attend information sessions where they were able to ask questions. On agreement to
participate, all participants were then allocated a unique code to protect their identity in all
research data. At the completion of data collection and prior to analysis, all potentially
identifying features were removed.

The process (in the study reported in this paper) consisted of three stages. During Stage 1, the
EBDS system was installed in eight beds on each ward; and nurse participants were recruited,
trained and introduced to using EBDS. Stage 1 occurred over two weeks. Stage 2 was designed
to integrate the EBDS system into selected nursing care processes for a sub-group of patients
allocated to the beds where it was installed. During this stage the participating nurses began to
adopt the system into care processes. Stage 2 occurred over three weeks. While using EBDS,
nurse participants identified issues of concern related to usability and risk mitigation, these
issues were then prioritized by the management committee; and in response EBDS was
modified in real time by the developers. During Stage 3, the system was used exclusively for
documentation of all nursing care delivery for selected patients. The participants were three
nurses identified as early adopters or ‘super users’ from Stage 2. To ensure patient safety, a
supernumerary nurse ‘scribe’ was employed to ‘shadow’ all activities performed by nurse
participants in order to manually duplicate all documentation of patient data into the
permanent paper records. This was a requirement from ethics and legal.

Table 4 maps the key concepts in Activity Theory to our conceptualisation of the nursing
documentation activity in the acute healthcare nursing context. Nursing documentation is one
of the human activities in the overall context of patient care. The overall objective is to ensure
quality, safety, and efficiency of patient care, and that positive patient outcomes ensue. The
EBDS system is proposed to be a new electronic tool to replace paper forms and charts to
support nursing documentation activity.
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Key concepts Nursing documentation
Subject Nurse
Object Documentation of patient care
Tools There is a range of tools to support nurses to communicate and document

patient care data. The existing tools include paper forms and assessment
charts, communication whiteboard, phones, medical equipment and other
clinical tools. EBDS is the new information system and is the system under

study.

Community A community of nurses, patients, other healthcare professionals in acute care
setting in the hospital.

Rules Documentation is required as part of nursing discipline; other rules concern
care process and workflows, and other hospital and broader healthcare
regulations.

Division of Distribution of work, power, and responsibilities among nurses and other

labour healthcare professionals such as doctors, pharmacists, other specialists,

allied health, etc. For example, nurse assesses vital signs while the medical
professional / doctor assesses medical progress specific to the treatment
under consideration.

Table 4. Understanding nursing documentation using key concepts of Activity Theory

4.2 Data collection and analysis

Focus groups and non-participant observations were used as data collection methods. During
Stage 2, two focus groups (FGA and FGB) were conducted with eight nurses. At the end of Stage
3, a third focus group (FGC) was conducted with the three nurses who participated in this stage.
Up to eight nurses participated in each focus group. During the focus groups, nurses were
asked to reflect upon their experience with EBDS. In particular, they were asked to talk about
how they use and their experiences with the system to document and deliver nursing care, what
features of the technology are most useful/ unhelpful to achieve these objectives, how this new
technology influenced your work in acutecare setting in the hospital (time, nursing care
documentation and delivery, interactions with patients and other healthcare professionals,
nursing care process, workflows,...), and/or impacted on the quality and safety of patient care.
Nurses were encouraged to suggest changes. Non-participant observations of nurses’
interactions with the system were also conducted. The observers followed the nurses around
the wards during times pre-identified to capture ‘peak use’ of the system. Observers used a
purpose specific semi-structured observation data collection tool (a form on an iPad) to record
the date, time, location, and an audio recorded description of each interaction between the
nurse and the EBDS system. The observed nurses were wearing a MP3 recorder and were asked
to speak aloud when interacting with the system. Their verbal interactions with patients and
other hospital staff were also recorded during the observation session. In total, 48 hours of
observation data were collected and eight participating nurses were observed during Stages 2
and 3.

This paper presents a conceptual mapping as well as empirical findings from our analysis of
the collected qualitative data through the lens of Activity Theory. The data were analysed using
content and thematic analysis (Braun & Clarke, 2006; Kvale, 1996). Data analysis steps
include: becoming familiar with the data, initial coding using Activity Theory concepts,
identifying themes (e.g. support for goal achievement, affecting and problematic, reflecting
reality), iterative coding and reviewing themes, refining themes and producing the report. In
the initial coding cycle, coding nodes were pre-determined based on essential Activity Theory
constituents including subject, tool, object, rule, division of labour, and community. In the
subsequent coding cycles, new coding nodes were generated to code relevant expanded
triangles i.e. ternary relationships between tool and other constituents (triangles adapted from
Activity-Oriented Design Method, see Mwanza-Simwami, 2011; Sadeghi et al., 2014, see Table
5). Additional nodes included high and low usability, high fidelity and low fidelity; sub-nodes
emerged from the observation and focus group data for example navigation, interface,
efficiency, training and support, improved safety, safety concern, privacy. A combination of
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software tools including Nvivo and XL were used for data coding, data management and theme
review. Nvivo was used to record the coding nodes and select and assign coded texts to the
nodes, not for automated coding. The coding and theme identification was done and reviewed
by the researchers. Consensus was obtained though research meetings. The Nvivo coded data
grouped by initial themes were retrieved and grouped in XL for subsequent thematic analysis.

5 Results

As described in Section 2, Activity Theory describes the human activity as mediated by tools
and its cultural-historical context. The nursing documentation activity is thus mediated by
different tools through the historical continuity of how nursing activities are organised and
nursing practice is carried out in the specific hospital setting. The results from this study are
presented in terms of i) nurse-tool-documentation relationship and cycle of expansive learning
as well as (ii) the mediating role of the EBDS.

5.1 Nurse-tool-documentation relationship and the cycle of expansive
learning

The subject-object dialectic relationship between nurse and documentation of patient care was
mediated by different tools at different stages of the implementation. During Stage 1, EBDS
was introduced to nurses while they still used paper forms to document patient care data. In
Stage 2, to ensure patient safety requirements (requested by the hospital management
committee; ethics and legal), nurses used the system in parallel with paper forms to document
patient care. Their documentation activity was mediated by both the paper forms and EBDS.
The observations revealed that data entry was the primary interaction between Nurse and
EBDS. Occasionally nurses used the system to check the patient’s ID and vital signs. They still
relied on paper forms and charts to access the patient care data. In Stage 3, ‘super user’ nurses
used the system to document and access patient care data without paper forms for a short
period of time. The interactions between the nurse and paper and EBDS as tools were found to
be object-oriented, for the purpose of documenting and accessing patient data for care delivery.

According to Activity Theory, tensions and conflicts drive change, leading to the creation of
new tools and to changes to the current practice; this process is refereed to as externalisation
(Engestrom, 1987). In this case, the EBDS system was developed in response to tensions and
conflicts recognised in a wider context of nursing practice rather than only within the involved
hospital. The implementation of the system demonstrates that the hospital recognised the
current tensions and conflicts in using paper-documentation in acute healthcare nursing, thus
the need for such as system. Externalisation was noted through nurses’ sharing of comments
about the need for change in their documentation practice; “biggest problems is that the
educators here are wanting it to stay the say way as the paper forms, and that's reflecting
on the way the system has been working. Until they embrace the change, it's not going to
work.” [FGB] Further, they expressed the vision that electronic nursing documentation is the
way for the future: “It's the way to go, it's electronic, definitely. There's no going back”
because it is about “being able to work at a fast pace” [FGA] and having everything “in one
place” [FGB]. Therefore in this implementation, externalisation is manifested through the
introduction of EBDS as an innovation in documentation practice.

Internalisation involves the reproduction of culture as a result of innovation (Engestrom,
1987). In this case, internalisation is manifested through supporting and training nurses to use
EBDS as an electronic tool in Stage 1, and to embrace associated cultural shifts in nursing
documentation in Stages 2 and 3. Stage 1 was designed to install the EBDS system and train
the nurse participants. Cultural shifts include significant changes from paper to electronic
documentation, from delayed to real-time documentation, and a change in documentation
location from nurses’ station to patient bedside. As observed throughout the three Stages,
clinical champions and the EBDS team were around to provide training and assistance to the
participating nurses when needed. Training was found to be an important issue: Training and
assistance was appreciated by the nurses: “we've had a lot of support from the researchers
and the EBDS team” and “always someone here to help us, so that aspect is very good” [FGA].
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Nurses expressed a willingness to learn to better use EBDS: “We'll just carry on doing the best
we can to come to grips with it” [FGA] and “Just learn it and deal with it” [FGC].
Internalisation was manifested through nurses’ overall attitude and learning towards
embracing technology solution and associated cultural shifts.

5.2 Examination of the mediating role of EBDS

An examination of how the EBDS system mediated existing relationships revealed its potential;
i.e., positive aspects, as well as areas for improvement. The mediating role of EBDS was
examined in relevant ternary relationships with other constituents (adapted from Mwanza-
Simwami, 2011; Sadeghi et al., 2014) and a summary of findings is provided in Table 5.

Generic Contextualised | Mediating role | Facilitating Affecting
Relationships | Relationships of EBDS (Positive (Current
impacts of negative
EBDS) impacts of
EBDS i.e. areas
for
improvement)
Subject, Tool, Nurse, EBDS, How does EBDS EBDS’s relative Usability
and Object and Nursing facilitate/affect ease of use; (navigation,
(See sub- documentation nurses in nursing | systematic data presentation and
section 4.2.1) documentation? entry; useful data data entry
source and options). A
functionality to roadmap of
support for care EBDS and
delivery and navigation.
nursing
judgement;
improved
efficiency.
Subject, Tool Nurse, EBDS, How does EBDS Functionality to Lack of shift-
and Division of | and distribution | facilitate/affect allocate nurses and | based plan
Labour of work, power, nurses in assign access
(See sub- and undertaking their | permission
section 4.2.2) responsibilities in | role, duties and accordingly;
acute care wards | responsibilities retrieve patient
assigned to them? | data from EBDS
during handover
(though limited).
Tool, Rules, EBDS, nursing How well does Systematic Gaps in between
Object discipline, EBDS-enabled documentation, EBDS and the
(See sub- workflows, and documentation EBDS functions, existing
section 4.2.3) other hospital map with nursing | forms and charts, documentation
and broader disciplines, alerts and prompts | charts, forms,
healthcare workflows, and were designed and paper layout
regulations, and | hospital based on the design.
nursing regulations? nursing disciplines
documentation and hospital forms
and charts.
Potential to be

more prompting.
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Generic Contextualised | Mediating role | Facilitating Affecting
Relationships | Relationships of EBDS (Positive (Current
impacts of negative
EBDS) impacts of
EBDS i.e. areas
for
improvement)
Subject, Tool Nurse, EBDS, How does EBDS Nurses visited Patient private
and and hospital facilitate/affect patients more time might be
Community healthcare nurses when frequently and affected. There
(See sub- community working with spent more time may be a lack of
section 4.2.4) (other nurses, other nurses and with the patients; nurse-patient
patients, the healthcare potential of EBDS | interactions if the
healthcare community in sharing and nurse is not
professionals) communicating familiar with the
patient data with system.
healthcare
professionals.
Community, Hospital How well does Potential data Need to support
Tool, Object healthcare EBDS sharing to support | synchronous
(See sub- community, facilitate/affect collaborative care multi-
section 4.2.5) EBDS, and communication and care disciplinary care
nursing and collaboration | coordination. coordination
documentation among the especially in
(thus quality and | healthcare emergency
safety) of patient | community? situations.
care

Table 5. The mediating role of EBDS in key Activity Theory ternary relationships

Often, the mediating role of EBDS manifested in more than one relationship. For example, as
a result of effective mapping between the system and nursing disciplines and process (Tool,
Rules, and Object), EBDS also facilitated nurses to document patient care data (Subject, Tool,
and Object). Therefore, the mediating role of EBDS is noted in relation to different
relationships when appropriate.

5.2.1 Subject, Tool and Object

In the central relationship of Subject, Tool and Object, the mediating role of EBDS is concerned
with how the system facilitates (or affects) nursing documentation. The mediating role of EBDS
manifested through different aspects: at different levels of ease of use, forcing systematic data
entry in documenting, how well EBDS forms, charts and data reflect the patient care ‘reality’,
levels of support for nursing judgement, change the documentation location, shift to real-time
documentation, and work efficiency. In Stage 2, nurses identified a number of usability issues
in regard to the user interface including information navigation, screen layout, data entry
options. Nurses suggested changes to improve the information presentation and data entry
methods such as adding bed numbers and a menu for frequently used options. As a result of
implemented changes in EBDS, nurses found the EBDS system to be easier to use in Stage 3,
compared to the version used in Stage 2. For example, “the system became a lot more usable
to us as the improvements - and as things changed, it definitely became more user friendly”
[FGC]. Areas for further improvements include a roadmap of the complex system and better
navigation mechanisms to allow them to move easily between different screens to locate and
review information from multiple relevant charts simultaneously.

The EBDS system was observed to force nurses to enter patient data systematically. Nurses
were required to move through all the required forms and steps, complete documentation from
one patient before their next task. The EBDS bedside records were found to be a useful source
of patient data that reflects care plans and delivered care: “(all is) in one place; everyone
knows where it is and it doesn't move” [FGB] and “there's the patient's details, why they're
here and their history. We have known in our head patients, but if you want something a lot
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more - how long ago was that operation, you can do that at the bedside, which is useful”
[FGA]. Therefore, EBDS enforced systematic documentation, hence it also mediated the
relationship Rules-Object. Due to the limited scope of the implementation, not all paper charts
were translated into EBDS. Hence, the electronic documented data were incomplete and did
not truly reflect patients’ care plans and delivered care. In addition, as nurses used to colour
code information in the paper charts, they found the limited grey colour of digital forms in
EBDS to potentially be misleading and confusing. Gaps in between EBDS and the
documentation requirements (current forms and charts) can be perceived as a limitation of the
system in mediating the relationship between Rules and Object, which is affecting the Subject
and Object relationship.

Nurses found EBDS to have the potential to reduce time wasted due to paper documentation,
walking between patients and nurses’ stations, looking for paper forms, and data loss due to
misplacement of papers: “it would streamline our work so that it was quicker and more
efficient” [FGA]. However, in Stage 2, their efficiency decreased because of the extra time
nurses spent with learning to use EBDS and because of the usability issues, as agreed by nurses:
“(there is the) potential to save time when you get used to it” [FGB]. In Stage 3, the
participating nurses became familiar with the system and many usability issues had been
addressed, nurses found their work efficiency increased: “in the final stage, (EBDS) definitely
saved me time looking for charts” [FGC]. EBDS was found to increase efficiency in Subject-
Object interactions in this final stage.

5.2.2 Subject, Tool and Division of labour

EBDS was observed to provide support for division of labour although it was rather limited. It
allowed Nurse Unit Managers (NUM) to allocate nurses and their access permissions in the
system according to their roles and responsibilities. During handover, nurses retrieved data
from EBDS mostly for patient identification and occasionally for observation data. A gap was
found to be the lack of shift-based plan in the system. Nurses were required to go to each
patient’s bedside to access the patient care plan and data. Therefore, they found it difficult to
plan and prioritise their shift-based care activities for all the patients assigned to them: “so it's
not really reflecting what we would really do with 12 patients” [FGC]. This can be seen as
low fidelity of the system (as a tool) in facilitating the relationship between Subject and
Division of labour, subsequently affecting the Subject and Object relationship.

5.2.3 Tool, Rules, and Object

In addition to ‘forcing’ nurses to systematically enter patient care data, the system EBDS
generated prompts for nurses to complete missing information and provided reminders to
check on patients, thus potentially improved patient safety. Particularly, nurses found the
system’s automatic calculation of the patient fluid balance to be useful: “you don't need to
calculate the vomit, how many and how much, as you cannot always hold a calculator, EBDS
saves time” (recorded observation audio). Although compared to paper forms, EBDS was
found to better mediating the relationship between Rules and Object, nurses wanted the
system to be “more prompting” rather than “being a mirror image of the paper forms” [FGB].
Another benefit of the EBDS prompts and alerts is that it reminds nurses about the scheduled
tasks and ‘forced’ nurses to document them in real-time, rather then keeping information in
head or paper notes and entering it into the system later, often at the end of each shift. Real-
time documentation at patient bedside is important to ensure accurate and complete data that
reflects the delivered patient care (i.e. the reality). Fidelity of the system in the above examples
is manifested through enabling better practice, i.e. ensuring systematic documentation and
preventing care delays or omissions.

5.2.4 Subject, Tool and Community

In regard to the Subject, Tool and Community relationship, EBDS appeared to affect the nurse-
patient interactions. It ‘forced’ nurses to document patient care data at the patient bedside; as
a result they visited patients more frequently and spent more time with the patients. While,
this could potentially increase nurse-patient interactions and improve patient safety, however
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a number of concerns were also noted. As nurses were not familiar with the system, their focus
was ‘fixed’ on the screen rather than on the interaction with patients. In addition, nurses felt
that bedside documentation could be an intrusion on patient’s privacy “I felt like an intrusion
yesterday when I was entering stuff and they had visitors, or she had a phone call. I'm
standing there and I feel like I'm eavesdropping” [FGA].

Further in regard to the Subject, Tool and Community relationship, the participating nurses
also recognised the potential of EBDS in sharing and communicating patient data with other
healthcare professionals if the system is integrated with other systems. “I think once clinicians
get on board, I think it will potentially save a lot of time for them as well...whoever wants to
access our kind of documentation, I think it would just be so much easier having everything
in one place, and only that one place. Everyone can come to it” [FGC]. Therefore, EBDS has
the potential to support the relationship between Community and Object through providing
information required for collaborative care between different clinical disciplines.

5.2.5 Community, Tool and Object

In addition to the above mentioned potential of the system to facilitate collaboration care
between healthcare practitioners, there was a concern about the system being incapable to
provide support for synchronous multi-disciplinary care coordination. Nurses identified the
central data access point of the system as a potential problem in complex emergency scenarios
such as MET (Medical Emergency Team) calls: “(with paper) someone's got the history,
someone's got the obs chart, someone's got something else, whereas if it's all just on that
system, I think it would be difficult if someone's trying to input information while someone's
trying to look up information” [FGC].

6 Discussion and Conclusion

Nursing documentation is a complex human activity. It is object-oriented toward documenting
and providing complete and accurate records of patient data and delivered care, partly due to
legal requirements. Data retrieved from the records are important to achieve high quality, safe
care delivery, process efficiency, and positive patient outcomes. In current practice, the
documentation activity has been mediated by paper forms and records. The new tool EBDS
was introduced. For a defined period of the implementation, we conducted this study using the
lens of Activity Theory to facilitate a rich understanding of the role of the system in mediating
nurses around documentation of patient care data in acute care wards.

The introduction of EBDS to acute care can be seen as an externalisation in response to the
need for better technology solutions to support nurses as recognised within the nursing
disciplines (Mills et al., 2013; Stevenson et al., 2010). As revealed in this implementation, the
internalisation led to cultural shifts in nursing documentation. The nurse-documentation
relationship was mediated by the new tool (EBDS): change to their documentation location
leading to more frequent visits to patients, time duration with patients, systematic data entry,
real-time documentation, better support for nursing judgement, reduced time waste in looking
for paper forms etc. A number of potential benefits as well as usability issues were identified.
Having identified various usability issues of the tool (e.g. user interface issues and lack of
support for shift-based care plan), nurses suggested changes during the EBDS implementation.
This demonstrates the dynamics of the internalisation process when EBDS and nurses’
activities are appropriated to reproduce the new EBDS-enabled documentation practice (Allen
et al., 2011). The study also highlights the active participation of the subject in this central
Subject, Tool and Object relationship of the human activity system.

Previous research tends to examine technology adoption at the individual rather than social
level (Sun & Qu, 2015). In this study, the mediating role of the tool in the relationship with
community elements was also observed. Fidelity of the system to nursing discipline and
practice can be examined through the mediating role of the system in terms of how it reflects
rules, division of labour, its potential to support communication and collective care between
nurses and other healthcare professionals in the hospital community. Low fidelity could be
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seen, for example, through the lack of a shift-based plan and of support for synchronous multi-
disciplinary care coordination. The Community, Tool, and Object relationship needs further
investigation as it involves the mediating elements (tool and community) in the object-oriented
human activity. Further, it was found that the mediating role of the system appeared to affect
different key relationships in the Activity Theory as the elements are interconnected. For
example, the relationship subject-object is mediated by the tool (usability) as well as by how
well the tool reflects rules and division of labour in the organisation (fidelity).

During this implementation, EBDS was used by nurses (end users) and as a stand-alone
system, not integrated with other systems nor used by other healthcare professionals in the
hospital. Therefore, the mediating role of the system in the other community relationships (not
involving nurses as subject) was rather limited and not the focus of the study. Future research
will serve to address these aspects in detail. Other limitations are briefly noted: It is a single
case study that took place in two acute care wards, thus the findings are indicative and useful,
but cannot be universally generalised. Further, nurses’ individual/moderating factors such as
age, gender, backgrounds, technology competency, and years of experience were not included
in this analysis. In our future work, we will also expand our analysis to examine in detail
moderating variables such as relative experience of nurses with technology as well as age and
gender. Other technical and organisational aspects such as network connection, data security,
patient safety and risk of infection were not part of this study.

In summary, the paper offers an examination of the mediating role for a nursing information
system during an implementation in a naturalistic acute care hospital context. The study
demonstrates an application of Activity Theory in Information Systems in a healthcare setting.
The theoretical lens of Activity Theory reveals a socio-technical dialectic story of how the new
nursing documentation culture and practice emerges, socially constructed and technically
mediated. Activity Theory was found to be useful to unpack the issues around usability at the
Nurse-Tool-Documentation, and fidelity around the three social constituents including Rule,
Community and Division of Labour. Further, Activity Theory is significantly rich to enable the
dynamic and complex operations within an acute healthcare nursing context to be examined
in depth. Hence, this study has significant implications for both theory and practice.

The paper contributes to theory by being one of the first studies to incorporate Activity Theory
as a theoretical lens of enquiry in the context of acute healthcare nursing with technology
implementation. Activity Theory was found to be useful in examining technology impact in the
context of human activities especially during a social change, through their interactions with
existing and new tools and the community of practice toward their objective in a specific socio-
organisational context. In this way we have also addressed in some fashion a key void as noted
at the start of the paper; namely, the need for a rich analytic lens to gain an in-depth
understanding of HIS in nursing contexts. There exist several opportunities for future research
to integrate Activity Theory with other Information Systems theories to better conceptualise
and evaluate the acceptance, use, and effectiveness of information system as a
mediating/enabling tool for human activity system. For example, we believe that combining
Activity Theory with theories like Unified Theory of Acceptance and Use of Technology (V.
Venkatesh et al., 2003; Viswanath Venkatesh et al., 2012), Information Systems success model
(DeLone & McLean, 2003), and effective use of information systems (Burton-Jones & Grange,
2013) will enable a rich and full analysis to ensue which will in turn serve to unpack deep and
far reaching implications.

In summary then, we note that given the dynamic and complex nature of operations in an acute
healthcare nursing context, Activity Theory provides a useful and rich lens to systematically
analyse critical interactions. However, we believe an even more powerful analysis will ensue if
Activity Theory is combined with other IS theories and plan to investigate this in our future
research.

In terms of practical implications, the study strongly suggests the importance of engaging
nurses in technology implementation, training and change management. Nurses should take
active participation in the expansive learning process when new patient care data, systems and
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practices are appropriated at both individual and community levels. Therefore, practitioner
engagement is critical and understanding how nurses may modify/adapt care path practice
using the technology is an essential part of this. As this is an important finding, our future work
will unpack this further.
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